Introduction
Soil is the "soul" of infinite life and is generally refer to the loose material composed of weathered rock and other materials including partly decayed organic matter. It is a reservoir of nutrients and plays a pivotal role in supporting the growth of crops and other vegetation maintaining the earth's environment clean. It also acts as a source and sink for atmospheric gases [1] . Out of the total geographical area of 329mha of our country, about 265mha is suitable for crop production and about 175mha is affected by soil related constraints and are classified as waste lands. Soil erosion by water is a serious problem in the red and lateritic soils of south India and eastern India where about 40t/ha of top soil is lost annually and led to extinction of some unique flora and fauna of the region [2] .
Elements carbon, oxygen and hydrogen which account for 95% of the plant needs are mostly obtained from air and water. The six elements nitrogen, phosphorous, potassium, magnesium, calcium and sulphur which are required in large quantities are labeled as macronutrients. Most of the soils supply enough calcium, magnesium and sulphur and soil scientists called these elements as secondary nutrient elements. The other three elements nitrogen, phosphorous and potassium are called as primary nutrients and are not usually available in large amounts which is enough for best growth and therefore are added through fertilization.
Soil fertility is the status or the inherent capacity of the soil to supply nutrients to plants in adequate amounts and in suitable proportions. Soil productivity is the capacity of the soil to produce crops with specific system of management and is expressed in terms of yields. Soil fertility and productivity are the key pillars for food production and soil quality is of equal significance in the background of soil degradation caused by many factors. Crop growth is influenced by aerial and soil environment. Suitable environment is necessary for better germination, growth and yield of crops. The higher nutrient availability is favourable when soil has higher water holding capacity, proper aeration and less soil strength or mechanical resistance. All productive soils may be fertile but all fertile soils need not be productive which may be due to problems like water logging, saline or alkaline conditions, adverse climate etc. Under these conditions, crop growth is restricted though the soil has sufficient amounts of nutrients. Hence soil fertility status may be defined in a modified way as "the capacity of the soil to produce crops economically and maintain the soil's health without deterioration". Again, under irrigation, soil and water compatibility is very important and otherwise the applied irrigation water may adversely affect the chemical and physical properties of the soil. Hence, determining the suitability of land for irrigation requires a thorough evaluation of the soil properties, the topography of the land within the field and the quality of water to be used for irrigation. Soil fertility, compatibility and erodability are the elements of soil quality and among them the decline in soil fertility problem endangers the maximum growth in productivity [3] .
The concept of soil fertility includes not only the quantity of nutrients a soil contains but how well nutrients are protected from leaching, how available the nutrients are and how easily plant roots can function [4] . Depending upon the cropping pattern, leaching, erosion, etc soil loses a considerable amount of nutrients every year. Soil testing provides information regarding nutrient availability in soils which forms the basis for the fertilizer recommendations for maximum crop yield. It also helps in reducing excess and indiscriminate use of fertilizers, pesticides, fungicides etc which eventually cause pollution since farmers and planners are lack of knowledge regarding the quantity of these to be applied. A soil fertility map for a particular area can prove highly beneficial in guiding the farmers and planners in ascertaining the requirement of various fertilizers in a season/year and making projections for increased requirement based on cropping pattern and intensity [5] . There is an increasing pressure to reduce the application of fertilizers in commercial agriculture and minimize non-point sources of pollution of both surface and ground waters. Therefore, application of variable rather than uniform rates of fertilizer has been proposed to avoid the application of fertilizers where it will not be properly utilized by the crops [6, 7] .
If agricultural productivity has to be increased, precision farming is desirable which is widely adopted in developed countries but yet to take firm ground in India. Tailoring the management practices carefully for the soil and crop that suits to different conditions found in each field is called precision farming [5] . Therefore fertilizer recommendations based on soil fertility status will be the first step towards precision farming which will also help to reduce non-point sources of pollution of water bodies.
Keeping these points in view, investigation was carried out to assess the fertility status of soil samples of some selected command areas in Tiptur taluk of Tumkur district. The soil of the study area is mainly of red loamy soil. Red soils are light textured, shallow to medium in depth and usually under layer by compact subsoil, fairly porous with low water holding capacity. They are generally poor in nitrogen, phosphorous and humus. Drought had hit the Taluk area since two years and there was very scanty rain in these years and the area is facing acute water problem. Fig-1 showing the study area: Out of the above six tanks where water quality study was done, soil study was carried out from the command areas of Eachanur, V. Mallenahalli and Halkurke tanks.
II. Materials and methods
For the characterization of the soil samples, a total of five representative model plots (each plot of about 5acre area)were selected out of which, two plots were from Halkurke tank command area, two from Eachanur tank command area and one from V. Mallenahalli tank command area in Tiptur taluk. From each selected plot, ten points were selected in a zig-zag path. Using soil auger, soil samples were taken at two different depths of 0-15cm and 15-30cm making a total of ten sub-samples for each depth. The samples of different depths were collected separately in polythene bags as per the standard procedures recommended by [8] and laboratory manual prepared by [9] . Quartering technique was used for the preparation of final soil samples. The soil samples were air dried, crushed and sieved through 2mm sieve and stored in polythene bags for analysis.
Soil pH in 1:2.5 solution (1Soil: 2.5Water) was determined using digital pH meter, EC was determined by digital conductivity meter. Organic carbon by [10] , available phosphorous by [11] and available potassium by [12] , nitrogen by micro Kjeldahl digestion and distillation method [13] were used during analysis.
III. Results and discussion
The physico-chemical characteristics and other parameters of the studied samples are given in table-1. 3.1 Soil pH: pH is another factor in addition to organic matter, soil phosphorous and calcium carbonate that influences the transformation and availability of micronutrients to plants. Acidity increases the availability of iron, manganese and copper where as alkalinity increases the availability of molybdenum [2] . When depth wise values were considered, 0-15cm samples show lower pH when compared to 15-30cm depth (deeper) soil samples. The low pH values could be due to low level of organic matter and leaching of some of the nutrient elements [4] .
pH values of the soil samples from two sites of Halkurke command area were 7.07 and 7.54 with an average of 7.3. pH values of the soil samples from two sites of Eachanur tank command area were 7.87 and 7.84 with an average value of 7.85. pH value of V. Mallenahalli tank command area was 7.52. The soil samples were slightly alkaline but pH of all the samples was within 6.5 to 8.5range and was optimum for crops. Ha-1= Halkurke-1, Ha-2= Halkurke-2; Ea-1= Eachanur-1, Ea-2= Eachanur-2; V.M= V. Mallenahalli soil sample.
Electrical conductivity (EC):
Electrical conductivity is a measure of soil's salt content or salinity level. Electrical conductivity of Halkurke soil samples were 0.26dSm -1 and 0.33dSm -1 at the two sampled areas and the soils were of low salinity class as EC was <0.8dSm -1 . EC values of Eachanur soil samples were 0.485dSm -1 and 0.305dSm -1 respectively and EC value of V. Mallenahalli soil sample was 0.265dSm -1 . EC values of all the soil samples were within 0.8dSm -1 indicating the normal nature of soils and belong to low salinity class. The electrical conductivity of 4dSm -1 at 25°C has been taken, in general, as the limit for categorizing soils as beyond this level, the yield of most of the common field crops is lowered [14] . Plant response due to salinity effect is negligible when EC value of the saturation extract is 0-2dSm -1 . If water quality of these tanks were considered to see the effect on soils, mean EC of Eachanur tank water was 0.209dSm -1 and that of V. Mallenahalli tank water was 0.18dSm -1 and these waters pose low or no salinity effect upon use as their EC values were <0.70dSm -1 and TDS values were <450mg/L. Mean value of EC of Halkurke tank water was 0.91dSm -1 on considering the two year average and the water was having slight to moderate restrictions on usage as its EC value was in 0.70-3.0dSm -1 range. This moderate quality was also confirmed from their TDS values which lie in the moderate quality range of 450mg/L to 2000mg/L. The salts present in water sample is not only affecting the growth of plants directly but also affect the soil structure, permeability and aeration which will indirectly affect the plant growth [15] .
Therefore care should be taken in selecting the crop and proper management is also required if full yield is to be achieved. Leaching of salts out of root zone must be practiced, when necessary, to avoid salt accumulation that may ultimately affect the crop production. The leaching necessary for a particular crop is to be estimated and should be used [16, 17] . In areas where a build-up of soil salinity cannot be controlled, an alternative crop can be selected that is both more tolerant of the expected soil salinity and can produce economical yields [18, 19] . Adequate drainage is equally important and long term salinity control is not otherwise possible.
According to [20] , tank water of V. Mallenahalli was not suitable for irrigation as its SAR was in 0-3range and EC was <0.2dSm -1 and causes infiltration problem if used for irrigation. Slight to moderate infiltration problem was found with Eachanur tank water as the SAR value of this tank was in 0-3 range and EC value was in 0.70-0.20 dSm -1 range. Similar problem exists with water of Halkurke tank which had SAR in 6-12 and EC in 1.90-0.50dSm -1 range. The fact that water quality of the said tanks is not good and if used for irrigation will cause infiltration problem was already reported in the journal article [21] . In sodic soils or sodium affected soils, sodium ions have become attached to and adsorbed on the soil particles. This causes a breakdown in soil structure and results in soil sealing or "cementing", making it difficult for water to infiltrate. Such an effect may also be found even when calcium and magnesium levels are low. Such results were observed when soils tests in command areas of Halkurke tank, Eachanur tank and V.Mallenahalli tanks were carried out and these soils were hard, compact and encrusted. 
Organic carbon (OC):
Organic carbon is another influential factor which increases the availability of iron and boron but decreases the availability of manganese, zinc and copper to the plants. In Halkurke soil samples organic carbon was 0.67% and 0.57% and the soil was of medium quality rating as per table-2. OC contents of Eachanur soil samples were 0.63% and 0.67% respectively and OC of V. Mallenahalli soil sample was 0.50% and these samples were also of medium quality rating. All the soil samples belong to medium class as their OC was in 0.5 to 0.75% range. The low OC can be attributed to continuous cultivation, removal of crops residues without return, effects of water and wind erosion which preferentially remove the soil colloids including the humidified organic fractions [4] .
Nitrogen:
Nitrogen which is a constituent of chlorophyll, increases vegetative growth of protein content and cation exchange capacity of plant roots. Its deficiency results in stunted growth of plants, shedding of leaves and fruits. Excess of nitrogen is also a problem to the plant which will be reflected by the delayed maturity and susceptibility to insects and diseases. Available nitrogen in Halkurke soil samples was 62.445kg/ha and 54.825kg/ha respectively which indicate that the soil was poor in nitrogen and was of low rating soil. Available nitrogen found in Eachanur soil samples was 77.92kg/ha and 77.92kg/ha where as it was 85.72kg/ha in V. Mallenahalli soil sample which are also poor in nitrogen. All the samples have low nitrogen content as per the classification mentioned in table-2. Relatively low nitrogen was recorded in Halkurke soil samples which are open dry fields and are under continuous exposure to sunlight and wind. Low nitrogen content can be attributed to the fact that all the factors leading to the loss of nitrogen are prevailing in the study area which include high temperature leading to volatilization, erosion and crop removal and insufficient rain. Relatively high nitrogen content of V. Mallenahalli sample was because it was collected from coconut garden. 3.5 Available phosphorous: This is another important nutrient which helps in cell division, stimulates root growth and formation, makes plant more tolerant to drought, cold, insects and diseases, increases nodule formation in pulses. The available phosphorous depends on pH and OC. The near neutral pH has a significant role in enhancing phosphorous availability. The available phosphorous content increases with pH value and decreases with organic carbon. The increase in phosphorous due to increase in pH may be due to lowering of activities of Fe 3+ and Al 3+ which increases the solubility of strangle and variscite and increases electronegativity of colloidal complex with a consequent decrease in sorption of phosphorous [5] .
Available phosphorous content in Halkurke soil samples were 5.33kg/ha and 9.86kg/ha and the soil samples were very poor in phosphorous. In Eachanur soil samples available phosphorous content was 5.60kg/ha and 10.79kg/ha respectively where as in V. Mallenahalli soil sample it was 6.26kg/ha, which reveals that all soils were of low quality as per the interpretation made in table-2. When deficiency occurs, it causes stunted growth, reduces the size of leaves and delays maturity. The low phosphorous content can be as a result of low clay content and high sand particles, which lead to loss of soluble available phosphorous either by rain or acidification; effect of phosphorous fixation by the soil flora and other soil micro organisms [4] . The department of agriculture has launched a mission mode project, "Bhoochetana" and facilitated by International crops Research Institute for the Semi-Arid tropics (ICRISAT) to harness science for sustainable use of natural resources among farmers and increase rain fed crop yields by 20% in 30 districts of Karnataka. ICRISAT in its soil study report also revealed that Karnataka soils are critically deficient in Nitrogen and phosphorous along with micronutrients zinc, boron and sulphur. The same report reveals that Tiptur soils have neutral pH, deficient in organic carbon, nitrogen, phosphorous but normal potassium and our findings were in conformity with that report. 3.6 Potassium: The role of this element in plants is to impart vigour and growth, making plant more tolerant to drought, cold, insects and diseases, increasing the availability of nitrogen and phosphorous and increasing the size of root and tuber. Potassium deficiency is exhibited by marginal leaves turning brown and drying and stunted growth. Potassium content in Halkurke soil samples was 434.38kg/ha and 213.35kg/ha which belong to high and medium rating respectively. Potassium content in Eachanur soil samples was 156.18kg/ha and 271.9kg/ha where as in V. Mallenahalli soil sample it was 169.98kg/ha and these soil samples belong to medium rating in terms of potassium content (as per the interpretation rating shown in table-2). The higher available potassium content may be attributed to the prevalence of elite potassium rich mineral in these soils [21, 22] .
IV. Conclusion
Soils were slightly alkaline and belong to low salinity class and are neutral in nature. Nitrogen and phosphorous content was low in all soils; potassium was medium except in one sample of Halkurke sample where it was high. Hence these essential elements are to be supplemented through the addition of fertilizers in proper amounts which will bring maximum crop yield avoiding the pollution and saving the soil's health which harbours millions of microorganisms favouring the plant growth. Assessment of water quality and soil quality should be done as compatibility between soil and water is required for maximum yield and crop selection may be done based on this so that farmers get maximum benefit. Soil pollution and pollution of water bodies will be minimised as indiscriminate use of fertilizer is going to be avoided. Government and other organizations should take up the responsibility of giving awareness to stakeholders regarding the importance of soil and water quality testing.
